The presence of volatiles near lunar poles is studied. The chemical composition of a lunar atmosphere temporarily produced by comet impact is studied during day and night. C-rich and long-period comets are insufficient sources of water ice on the Moon.
compound. The reaction rate constant of sulfur fixing into solid phase is given by dFe/dt = k f P(H 2 S) -k r P(H 2 ),
where k f = 5.6exp(-27950/RT) cm/hour*bar, k r = 10.3exp(-92610/RT) cm/hour*bar (Lauretta et al. 1996) . At [H 2 S] /[H 2 ] ~ 0.01, the back reaction is faster at T > 1500 K.
The time t chem required for sulfidisation of Fe grains can be estimated as t chem ~ r(Fe) / k f P(H 2 S) (3), where r(Fe) ~ 10 -3 cm is a typical radius of Fe grains. Therefore, the hydrodynamic and chemical time scales at 1000-1500 K are comparable at P(H 2 S) ~ 1 bar or at a total pressure of about 300 bars. But such high values of the pressure are typical for the beginning of fireball expansion, when T >> 1500 K. This means that sulfur fixation into the solid phase is kinetically inhibited and sulfur-containing species migrate into the lunar atmosphere.
We assume that the gases remaining on the Moon after comet impact expand with the speed of sound because the remaining gases expand into vacuum. Then the formation period of lunar atmosphere can be estimated as D/ c s ~ 2*10 4 s, where D = 3476 km is the diameter of the Moon, and c s ~ 0.3 km/s is the sound speed at 300 K.
So, this period of time is much shorter than the photolysis time scale (10 5 -10 6 s). The period for condensable gases to be captured by cold traps is shorter than the period for the atmosphere to be lost by exposure to UV solar photons, but both times are proportional to the mass of the temporary atmosphere (Klumov, Berezhnoi 2002) . For example water molecules in an impact-produced atmosphere with an initial number density of 10 14 cm -3 can be captured by cold traps in 10 10 s and be lost due to photolysis in 10 11 s. Therefore, the capture probability of volatiles from an impact-produced temporary atmosphere by cold traps is about unity and independent of the impact place and initial number density. However, the capture probability of volatiles increases with the latitude at the impact site of micrometeoroids (Crider, Vondrak 2000) . The period for gases to be captured by cold traps is estimated based on the intensity of diffusion of gases in the temporary atmosphere. The diffusion mechanism of capture of gases is valid in a collisionally thick atmosphere. The maximal number density in a collisionless lunar exosphere at 300 K is about 10 8 cm -3 , it corresponds to an atmospheric mass of 5*10 9 g (Vondrak 1974 ). About 10 % of cometary matter is retained on the Moon for collisions with a low speed comet (Berezhnoi, Klumov 1998) . Then comets over 10 11 g can produce a thick atmosphere. Gases remaining as a lunar atmosphere are chemisorbed by the lunar regolith. Let us estimate the maximal mass of adsorbed water.
If 10 layers of molecules are chemisorbed on the surface with mean area per molecule of 10 -15 cm -2 , about 10 11 g of cometary gases can be bound on the surface of the Moon.
Adsorption can also take place in subsurface layers due to transport of water molecules in the regolith. The typical content of adsorbed water in the lunar regolith may reach reaches 1000 ppm after comet impact then 10 13 g of water can be bound on the surface at a regolith density of 2 g/cm 3 . The rate of adsorption estimated by (Hodges 2002 wt %, respectively. Our lower limits to detect H and S contents are higher than those given by Metzger, Drake (1990) . Let us note that the mean hydrogen content at for the SELENE GRS spatial resolution equal to 130 km is 0.01 -0.02 wt % near the poles (Feldman et al. 2001) . Therefore, the SELENE gamma-ray spectrometer can confirm the results of the Lunar Prospector neutron spectrometer that hydrogen exists near the poles of the Moon only for a long counting interval (300-500 hours). Such long counting times can be achieved for regions poleward of 80 degrees in the first year of observations. So the threshold of hydrogen content detectable for the SELENE gamma-ray spectrometer is significantly higher than that for the Lunar Prospector neutron spectrometer.
Let us check the detection possibility of SO 2 ice at the lunar poles by gamma-ray spectroscopy. Rough estimates based on the area with thermal stability for ice and its content (1500 km 2 and 2 wt %, see section 3 in this article) show that the sulfur content may be enhanced by 50-200 ppm over a 130 km polar lunar region (which is the SELENE GRS spatial resolution) due to the presence of SO 2 ice. However, this is too low in content for gamma-ray spectroscopy to detect it. The presence of SO 2 and CO 2 
Concluding remarks
There are some restrictions on the cometary origin of lunar polar hydrogen. Large amounts of water are delivered to the polar regions only by large short-period comets.
However, the characteristic time for collisions between active short-period comets with diameter of 5 km and the Moon is comparable with the age of the Solar system. Only if non-active short-period comets exist, the cometary origin of lunar hydrogen cannot be rejected. However, the population and the size distribution of non-active short-period comets are unknown. Future photometric and spectral observations of celestial bodies crossing the Earth's orbit are required for a better understanding of relationships between active comets, non-active comets, and asteroids.
The presence of CO 2 and SO 2 ices in the subsurface and at the surface is very sensitive to the temperature in polar traps. In principle, their ices of cometary origin could be stable at the surface of the coldest parts of permanently shadowed regions, but further processes retaining these ices should be studied. For an accurate determination of the area where CO 2 and SO 2 are stable, the temperature range in the lunar polar craters should be investigated in detail. One of most important problems for the determination of subsurface temperature in polar traps is whether there exists a top 2 cm layer with extremely low heat conductivity at the poles or not. Measurements of brightness temperature at 0.1 mm -3 cm and thermal neutron spectroscopy onboard future lunar polar satellites will make clear the existence of this unique layer.
The sulfur content deposited over a total area of about 10 15 cm 2 near the lunar poles is estimated to be as high as 1 wt % if the delivery rate of sulfur is significantly higher than the loss rate. Future polar lunar missions should determine the composition and spatial distribution of volatiles. The Ge gamma-ray spectrometer onboard SELENE mission, for example, will be able to detect sulfur and hydrogen at the lunar poles if their content is higher than 1 and 0.05 wt %, respectively. However, in order to solve the question of their origin, we should wait for lunar polar rovers or penetrators carrying gamma-ray and mass-spectrometers. 
